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<!: ft -5 ttft T -5 N ^ ? * & D £ 9 \Z ft ^ £ fr 

tfN ^ £ ? 5: ffl lr» fc * 7 A* > H © V ^ ^ * ©» iH 

t. MD^i^ ?RZfV 9 Zm^tz&P'r— 9 P CM 

[»9KD#»ftRW3 
[0 0 0 1] 

[0 0 0 2] 

[«£*©&«] »ifiTtt, v;l^*7*-f 7^©tSfliSa 

EG (Moving Picture Experts 
Group) M^O- IICI SO/I EC 11 
1 7 2£L-T«l&an. MPEG«*&JBlr»fcffilB** 
/*-x^*M*t©#3l7jffiKlilL-ni, TFAST 
Subband Filtering in MPEG 
Audio CodingUEEE SIGNAL 
PROCESSING LETTER, Vol 1, 
NO 2, FEBRUARY 1 9 9 4) J ^Cfctetc 

[0 0 0 3] ^SMPEG^ICt-SJEtt*^/*— 

5. ilOlilSO/IEC 1 1 1 7 2 ©ifi'SlC^S 
ftTt^SM P E G7J5£©:*-7^ * W -V- 2 ©8»fc 
fc«§*(D7 D-ft- HT»5. MPEG 

*sct«3 2©-y->y;Px-^zTifca»^b^fTt) 
n. *«^«ia^MJ&$n-5 (7.5^71 on.* 

©Xr^^l 0 3TB4Elc$n4 6 4ffl©3&rfcft V*^ 
*fc:**T, 1 0 2 4fia>e>ft5V^i7*8E<K *V»6 

4<@#->7 hsaasn ^77^102) . Aaanfc 

4<IgiiJ£n-5 Ufy^l 0 3) . ifcfC 1 0 2 4<@© 

v^? 5 i 2flou^^^»*«^j«*n u 

h4«»T*ft*fkDi*»*i;6nT. ^^FttSS 

frcw^? ns Ufy^i o 5) . w*c 

^^»tt. ift^TJfllwl 6<lflDg3nT11t>7;U#© 



2 

^710 6) . cn*i3 6 @«£ Oil LTIIrT 5**1X3 

[0 0 0 4] *&, 6- 7 7 8 3 9 

£S^fc7xy7£M ; HfcfiNfia<#>Ift 1 2^;H7* 
ttT***fT*». 17U-Am&-e-gLT»«^fiit5a 

[0 0 0 5] d*ft>«EEfli#fi«. ItlBL-fctt&tiD&tta 

0 tCA- K»7X7C»B L.fc«£«T©J: 3&mMA#* 

#«gLiagtc*iatt*«ftu©-ciPi8s©*w^T^-r, s 

ftS¥£j£CfcA-K'7x7j&<ig:>S£ft9, giifttb 
T*ntfA-K9l7S«W«<. il5ffiftfc©<hftD 
S»i5^©fiJffl©|St#tft-5. 
[0 0 0 6] ^Fgg^P 6- 7 7 8 3 9 #&«Ttt. 

1 y u-AmiiL-c-mmm^n oz\t\z&-z> ta- k o 

20 £LT3 2 6 4 7-H»S^ItU S^l: 1 71/-A 
[0 0 0 7] *%9iH:flftESRB£iFft?-&fctt. -tf-7A 

^tiCioT, A-H^i7SSO*/hS@5Ci$l 
[0 0 0 8] 

so [s£jg£&&T5£#©^a] MPEGSt& 
£^;^cffi&l : ^S«•^f©#ftgfiT&oT, 

■ a. ^lEigft^tx-^RtfN^^ffl^fc-y-TVO 

a t *^ s ft -s n t t? zmftmnmm&immi 

[0 0 0 9] 

t*»C*^x-^PCM*JUti-r*IBlC^HtSn<&D 

© V ^ £ ? ©gffi^ft i * P C M ©SIS#i££ 
l^-Ot>Otl/, il^a^^fflt"*. 
[0 0 10] BP'S. V^^^flDUcmttftifiTSN^^^ 



(3) 

3 

[00113 

mi) 

0 <= i <= 3 1 

15 

V5 1 2 [i] =2 (MN [i] [K] *MS i (K) ) 
k=0 

0 <= i <= 3 1 
L5 

S j [j] =Z [V5 1 2 (Fl (i 

i=0 

[0014] wsctt, mwt~>if?mntfr eft-s^© 
T**fc». Hi;8t*^& (tssisiBS) **ffl-r*^t 

[0 0 15] 

£f£ffl © V ^ £ * CDg U^g t ^ P C M ©SI M 

mmmm^tv > zf)vf- 2 z m ± t -5 aittJF^a 5 * 
#u -ne>#^aon>hp-;u^fT^S'jp#a6 1 

[0 0 1 63 EAT. *fSl:^HT, Ml^i^izE-r -So 0 
>7^x-^££&-r5:/n;/:7T\ (3 

6^-yTl7l/-A^) ^«»n3 2 7-K 
®^ ; E I J4 1 (RAM) ^^'JCO'J- h£ 

[0 0 1 73 AtiftJM^B: 5 f*. V^^SJUH-rsiMa 

mt it, au^flssnfcx-* fenmt/Kwr * t>© 

awsssnsat. jn«»^aictt, 
fx 5 © *«*T -5 fcft \z tiff i b < . c ©fc 

«4>iD»/^#§§ 5 l©-75Kte 1^**5 2*>*atte> 

2 o ©2*ft^ fb-y- > ztjvt- ? mm/mnmw s n 
[ooi83 v^i7^tBit#a3«. ^iE-r-sa^^a 

5 127-KO/tUI;, fr«ffr££n-5 3 2fi©V< 



4 

[0 0 1 23 — D^^Srg&LfcMD^^Srffl 
H-St, W^x-^PCM (Sj) ©^ffl^SCJCtO 

[0 0 133 
C&23 



. j) *MD (F2 (i. j) ) ] 

it^a©rtgK^s:B4rc^-r. h*r«. *^e'j*«j 
Bias (owe, 4 s osifc*!?^-:* tea 

5£) TS^n^ 3 2 <h, V^^oyKl/Xt^f 
(->7f ^ ^D-yi7 3 3, *^E'J©7-T 

h/'J - K»f£*S9fr$--5* * 'J3>Hd — )V7o y i7 
3 4T#Jj5E3*lT*5D. /t'JtftffltSTKU^il^ 

[0 0 1 93 MN/MD^**efl*R2tt. 
fflf *#SCT* Ofitl^T-^«e) SnfcN^ ^StfD^ 

Sr^ft&ilfrf £&©-?, *HSS^JT«. ROM£fflt>T 

r. 

(0 0 2 03 MN'<??lt'&m-?Z > N'<>7 5'e)7i&mt£ 

So 

[00213 mn^gteit. *mm<D&mfflWT-$>zm 

mW^^VT^Oifs iSftlSd*, «'3©7K^ 

k*t. inBic^-r$o<. 

Sir, *7>^-l$f3-KLT, &m?itV>Zf)l 

r-^^tuaij^-^e 2. wifgaif^- 

^63. V"<**IB1t*RW»7 f :J-*' r 6 4. N/MD 

[00223 ft-xn-^Jii-rv^^^iste^axn- 

^*S»U i^ngl lXf7^2 0 1CD->7f^ 

3-^62. flDastM^asowT^-^e 3. v^^^is 

tt^axn— ^6 4, MN/MD^^^ 6 5©l2it^a 
x3-^StX{Sg[^aS5Wx3-^6 6*jg»U. Bl 
l^x-^^2 0 2©V^i7^gm/IB1ti&fT5. ^ICV 

^^^tBtt^a^a-ye 4. MN/MD^i7^©tetg 
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(4) 



10 



U mi Uf7^2 0 3©Hi:*jPCM{f^£giiJT 
[0 0 2 3] Slg^f&l te. V^^WgtttJ&tfPCM 

fijt<£^7»c^-r. 

sct^o 2-D(DffiiQmm\m-(Dwm^&. mum. 
i2a, 1 2 b&mtfTmiEmmTik-y-y?)^-? t 

[0 0 2 4] ifcfc, *JMTJ8^5<M!^(!)7JWJ 
XAfC^HTglWrs. *^*7;^'JXAtt. ISO 
/I EC 1 1 1 7 2©a§l;^nTli5MPEG* 

[0 0 2 5] (1) V<9 9<amm 

ov^^^soTKu^ttiUfejEH-rsiaa (shi f 

t ing) *«fffonfc«. *r«©V"?47* (6 4<@) 

[0 0 2 6] 
»3] 

0 <= i <= 1 5, 3 3<=i <=4 7 
k= 2 n 

k=2n+ 1©£§- 

V [i] =S (N [i] [k] 

k=0 

1 = l 6 

V [1 6] =0 

1 7 <= i <= 3 2 

V [i] =-V [32 

i =4 8 



20 



i] 



0 <= i <= 6 3 
31 

V [i] =E (N [i] [K] *S [K] ) 
k=0 



[0 0 2 7] Z<Di£\zm^*>nZ>&®.N [i] 

[k] teJ^T©:£tc£oT£«£nT^-5. 
[0 0 2 8] 
NU] 

0 <= i <= 6 3 0 <=k<=31 

N[i] [k] =COS [ (1 6 + i) (2k+l)>r/64] 

[0 0 2 9] frfrZjZfrZftfrZ^olzmMW^?? 
ZWft-fZlZte. 20480 (32X64) ©Iftl 
9840 (31X64) <Dm*>&Wtt3.-z>T<Z>. tZ. 
£©«*N [i] [k] £ [i=ff] [k=?ij] 

[0 0 3 0] 1 7fT^«E> 3 2ff3:T©&$:ia, Off^e. 

1 5fT$T©#&<h*f#!T£9. a»«F#©B«T»«. 
4 9fr:fr>£ 6 3fr£T©fl*8te. 3 3 frrt> £ 4 7 ffST 

©&&<i:*lgi©lw^T--5. i 6 ffB ©«&««#(;: r§ 
(o) j t^Dv 4 8nm<D&mt r— i j 1 

6^63 1 3*Ji;T©^&«:, 0^iJ^e> 1 5^J*T<D« 

[0 0 3 1] 
[»5] 



* (S [K] ±S [3 1-k] ) ) 



15 



V [i] =£ <S [K] +S [3 1 -k] ) 
K=0 



4 9 <= i <=6 3 

V [i] =V [9 6-i] 

[0032] &«. >&&t-tz>mnmt. 4960 (1 

6X31) <DmWt4 8 00 (1 5X3 2) ©ft, 2&tf 

tti^siLT^-n-e'm 6 0©w • &zx&j&i£L 

08 »C^£*i;t3 2f?x 1 6£iJ©v h 'J C7.tts.Ki. Z. 



50 



[0 0 3 3] (2) V^i7^^<D®S©«^f 

^tjg*l 5 0»WV^i7^ (6 4X 1 5 = 9 8 0) © 
^btTl 0 2 4<l©V^:*££}f-r<5&g#<fc*. 
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(5) 

7 8 

u^u. w&v>%< v<t>?\t. nmzviifim^ mtt * 6 ob^s^ 8 oat&o. $agu$r«a. teftrngLt^v 
\zftfgL2titzv<.2?$:mzmz>t, 08Jc^$n^>j; 0 2 4m&m-r2>v<9?m$:v 1 0 2 4. 5121s 

^F*3S©aS*-2>l'W3:^^5^LT^i'S) : fo<D J#t~5 V^s£7 V 5 1 2 2^)CD^i7^^ 

fllOrt. *»0 3 2iTfiHui*l»4. <fcoT£#T [0 0 3 4] 

ttfiHW^SV'S^fMil 0 2 4m (6 4 X 1 6) CD [ft 6] 

1*3, 5121 (32X16) ifcD. hOIHRfeg * 
0<=k<=6 3trit 

VI 0 2 4 [6 4*N+k] =V5 1 2 [3 2*N+k] (o< = k<=l 5) 

= 0 (k = 1 6) 

=V5 1 2 [32*N+ (32-k) ] (17<=k<=32) 
=V5 1 2 [3 2*N+ (k-1 7) ] (3 3< = k< = 4 8) 
=V5 1 2 [32*N+ (79-k) ] (49<=k< = 63> 

0 < = k<= 3 1 ftZt 
VI 024 [6 4*N+k] =V5 1 2 [3 2*N+k] ( 0 <=k<=l 5) 

= 0 (k= 1 6) 

=V5 1 2 [32*N+ (32-k) ] (17<=k< = 32) 
VI 0 24 [64*N+32+k] =V5 I 2 [32*N+k] (k=0) 

=V5 I 2 [3 2*N+ (k+1 5> ] (K=k<=16) 
=V5 I 2 [3 2 *N+ (4 7 — k) ] ( I 7< = k<=3 1) 

[0 0 3 5] (3) "PIKK** {W<2? • W^?*) [0 0 3 7] ;05tl:»lT, KT©SC4ffl^Tjl!» 

ti^zz®. (u^* • w^*) zmm • MthVT^ [0038] 

;&x-^PCM£gtfcb-f-5. tft^tCt^^x-^PC 30 [ft 8] 

m & m tar z> £ «t k *r . 

[0 0 3 6] 
[ft 7] 

0 <= j <= 3 1 
15 

S j [j] =ZW(j+S2*i) 
i=0 

0<=i <=7 
0 <= j < = 3 1 

U[i*64 + j]=V1 024 [i*l 28 + j] 

U[i*64+32 + j]=V 1024 [i*128 + 96 + j] 

0 <= i < = 5 1 1 

w m =u [i] * m 



[0039] zamzk. miz&mTnmz&Wizn 

•5. 



[0 0 4 0] 
[ft9] 
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0 <= j <= 3 1 
15 

S j [j] =Z [F3 (i. j> *V5 1 2 (Fl (i. j) ) *D (F2 (i. j) ) ] 
1=0 



F 1 , F 2 : T h'VZSm. 

F3 -.mgmm. 
[oo4i] &fz. ^ (Dmmmm^m 9 iz^To frfrz 

^ e, u /w^< ^ ^ tcffl ^ r x - ^ & mi- C i 

[0 0 4 2] (4) ??)$©&& 

fcJB^TW^SMiSfT-afcf*, D ^i** <h SUFI- 
'S. flF^g&HS&ii.fctfD'^^W:, V5 12^5'^t* 
0<= j <=3 1 



15 

S j [j] =Z [V5 1 2 (Fl 

i=0 



[0 0 4 4] BUB. «±©3fe&£«OAft7c#gB 

(3 2 7-K) #A;b;**l5 Uf7^2 0 1) . TfoU 
T. ^TcDXx-y^TH, ME ( 1 ) . (2) ©3iTia 
WLfcT-^CttSSffl^T. 4#M¥6 - 7 7 8 3 9t 
4i«**7l/-AJ)lffi1?«ia*fTr3Tlr»fc©fc:»U. 3 2 

0 2Tte£j*£n-5 3 2«©*ffc*tV^^^fc:fl|itT. 
5 1 2<@^^>fJ:-5V^i7^Sf4 , . 3 2®*t->7 h^ffl 

T, fr7cJCffiJf-r^#V^i7^«5 1 2fiTftH. 
[0 0 4 5] *ICh5S2 (3) (4) <D^T'i893 Lfc7;U 
i'JXASfflUT, U^^S, W^^gf ©£(&£=£ 
S§l-T 1 SOl—Xtf©^/:*— ^-^-y (3 2 P 
CMit>y;Ux-^) ft Uf'^2 0 3) . 

cna<3 6tEi^0jiLTjiffsnTi 7i/-A*i#ss 

[0 0 4 6] «±<0$D#T^rf'JXAT«, MPEG* 

asftsvab^^fiWttaiffsiwiBtbfcfcft. a- 

Mti^jiffiii*toI«g<!:^^. fit***-*? 5 -* (V^ 
30 ©JEIW&ffl#*«8rUT:&<#5a*fc^fca. ft 



30 



40 



* R-7 K l/7T-»-C«jS1-5tt»S«t40T. «F 
W* i D * * £ ** b fc "b © £ * fc* 
io T, V^^^©»^Jgil«J|[SBUI»T**. ioT^ 

^(modified Dvector) £3t&T-5 

£TF©a©«k:£D. V^^fcjSffiL feists 
«©«fnfllST'£Ftr Citft*. 

[0 0 4 3] 

[ftl 0] 



(i. j) ) *MD (F2 (i, j) ) ] 



[0 0 4 7] 

[B9§©2»*] »«£ric«*tffc8B©5Lfi 

cfcD, 7*3-H«IW©filB/Kjafl;t. 
£©*!S>Mta«0ft» ra<?©«rtl*5feflfit»jST*ili:*« 
T*. *^B«. MPEG«*KJ:4ffi««fS©#a£ 
K£ffliifc«fflT*IRfc«*#flifct>©Ta*. 
[HSOffi¥6R9!] 

[01] *««^flc©*aj6Wnt«***r^ny^HT 
[0 2] *SM©iS*»^b-b->X;Ux-5'^ ; E'J©rtg|5 

[0 3] *se©iD«g#&©rtepsifi)cs^ryn.yi7 
[04] *««©v<^^BEit^a©rta«ij«**rr 
[05] #8«©N/MD>***E«^a©rtaMfWc£ 
[0 6] *sa©w^a©rtgi5^£^-ryn->i7 0 
[07] *SK©s?j|[¥ift©rtei5Sii«**-rypy^0 

[08] Vt? jrQgUJiflgSjrr 1&930T&-5. 
[09] V^**©*{iiiflS«*"rH*iBTas. 
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[011] #gSTffl^-5&#£j£$ag^J®£;jr3-70 



[01] 













RAM 
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A* 
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v 



MN/MD 

R0M , 



— SpcroQ3 



42 



7D« 



[03] 



[02] 



41 



RAM 



3 2 7- K 
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[0 4] 




CO 




Csl 



□ 
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CO 
CO 



D 
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(9) 



IMS) 



MU^<9 9 



MN^^ 9 



ROM 

5127-F 



ROM 

5129-K 



-t n> 9 



me) 



61 



62 



r- 9 SC1BT-& 



63 



.64 



.65 



66 



1 ttJtaptf*? 
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(10) 



[0 7] 




(11) 



/ \ 
V[Oj 
V[ T] 

V[in) 
V[2n+|) 

V[63] 



N[2n,0] 
N[2n-H,0) 



N[O t OJ N[0, 1] N[0,14] NJ0J5) N{0.15] N( 0,14) N(0, I] N[ 0, 0] 

Nll.O] N[M) N(l,14) H[ 1.15) -N[ U5) -Nf 1,14] N[ I. i) -N[I.OJ 



N[2nJ5) N[2n,15) - 
N[2n+l,15] ~N[2m-l,l5] 



N[63,0] N[63 t 1] N[63,14) N[63,15) -N[63.I5] -NI63J4] -N[63, 1] -N[63.0]J 





/ \ 

S[0] 

I 


J 


S[2n) 
SI2n+l] 


li 


S S[3 : .) / 



VI 0] 
V[ 1] 



N[0,0] N[0, 1] 
N[ 1.0] 



N[0,14) NIO.ISA 



N[63, 0] 



N[63,15] 



r S[0] ± S[31) V 
S[ 1] =fc S[30) 

i 

S[ Ti] ± S[31-n) 
S[15J ± S[16) 



mm?u r+j 



/ V[ 0) ^ 



V[J5J 
V[16j 
Vfl7] 



V[32] 
V[33] 

V(47] 
V[48] 
V{49] 



^ NT 0,0) N[0, 1) N[0,14] N[0J5)\ {s[0) ± S[31) \ 

S[ I J ± S[30] 

0 

-NiTi'/of 



-Nf 0, 0) 
N{33;0) 



.N14.7>.QL 
N[47;pj" 



\V[63)/ \ N[33.0J 



S[nJ ± S[31-n) 



N[33,15y ^S[15] ±S[\6] / 



V[0] 



V[15] 
V[33) 



VI47J 
V[48) 



N[15.0J 
N[33.0) 

j 

N[47, 0] 
-1 



N[47J5] 
-1 



( S[0] ± spi)^ 
S[ J] =fc S[30) 



i« J6 

V[i) = 0 
I7<=i <= 32 

V[iJ = -Yi32-iJ 
49<=i<= 63 

V[i) = V[96-i] 

ffi&^ii r+j 
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(12) 



[09] 

IS 

j = 0to31 Sj« Zw(j + 32i) 
i =i 0 

-W(j + 32*0) + W(j + 32*1 ) + W(j + 32*2) + + W(j + 32*j) + +W(j 4-32-15) 

- W( j +64*0) + W( j+64*0+3 2) + W( j + 64*1 ) + W( j+64*l +32) + W( j + 64*7 ) + W{ j + 64*7+ 32 ) 

7 

-Z [W(j + 64*i) + W(j+64*i + 32)] 
i - 0 

7 

- Z [U(64*i + j)*D(64*i+j) + U(64*i+32+j)*D(64*i + 32+j)] 
i-0 

If (j -O)then 

- ^ [V 5 i2(32*2i+j)*D(j + 64*i) + 'Vsi2(32*(2i+1))*D(j+64N+32)] 
i = 0 

if ( 1 <=j« 15) then 

- Z [V5i2(32*2i+j)*D(j + 64*i) + Vsi2(32*(2i+l)+j+15)*D(j+64*i + 32)] 

if {j- 16) then 
7 

« Z [0*D(j+64*i)+V(32*(2i+l)+j+15)*D(j + 64*i + 32)] 
i = 0 

if ( 17 <-j<-31 )then 

- £ t -Vsi 2< 32*2i+(32-j)) * D( j + 64*1 ) + Vsi2( 32*(2i+1 )+(47-j)) * D[ j + 64*i + 32 ) ) 
i-0 



( 1 ) Fl(ij)B82fc0>£*S " 

i = 2nand 0 <= j <= 16 

Fl(iJ)« 32*i+j 

i = 2n and 1 7 <= j <= 3 1 

Fl(iJ) = 32*i + 32-j 
i = 2n+l 2nd j = 0 

Fl(ij) = 32*i 
i = 2n+ 1 and 1 <= j <= 1 6 

Fl(ij) - 32*i+j+ 15 
i = 2n+ 1 and 1 7 <= j <= 3 1 

Fl<ij)-32*i + 47-j 



(2) F2(ij)M»co^tt 
» = 2n 

FKiJ)-64*t + j 

i= 2n+1 

Fl(iJ) = 32*i+j + 32 



(3) F3(ij)58»OSI5 

i « 2n and 0<-j<=1 5 

F3(iJ) = 1 

i = 2n and j=*1 B 

F3Gj)=0 

i«2nand 1 7<=j<=31 

F3(i,j)--i 

i - 2n+l and j - 0 

F3(i,j) = -1 

i = 2n+V and 1 <=j <= 31 
F3(i,J) - 1 



j-Oto31 



S(j) - if [ F3(i,j) * V51 2( F 1 (ij) ) * D( F2(ij) ) ] 



1-0 



U3) 



[010] 

T 



} i 



3 2 



input 

32 NcwSubband Samples 
S[i] i=0 31 



6 4<flB#*i/7 



Shifting 

for i=1023 to 64 do 

V[i] = V[ i - 64 ] 



initialized 

with ZEROs during startup 
hOBgictefSt-trn (o) 



Matrixing 

for i=0 to 63 do 

31 

V[i] = 2 ( N[i][k] * S[k] ) 

k= 0 



5 1 2^0U^? * £ 



± 



Build a 512 values vector U 
for i= 0 to 7 do 
forj=0to31 do 
U[i*64+j] =V[i*128+j] 
U[i*64+32+j] =V[i*128+96+j) 



5 1 2ia^^$fc-o^ > K 



Window by 512 coefficients 
produce vector W 
for i=0 to 511 do 

W[i] = U[i] * D[i] 



^ -r v 7 106 



%PT-9 PCM£ 



1 



Calculate 32 samples 
forj=0to 31 do. 

SpcmU] = 2 ( W[j+32*i] ) 
i= 0 



OutPut 32 reconstructed 
PCM Samples 



J 
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(14) 



1 1] 




Shifting 

fori=5l) to 32 do 



V[i]=V[i-32] 



initialized 
with Zeros during startup 



Matrix ing 

fori=0 to 31 do 
J5 

v [i] - 2( MN W[ k ] * MSi[k]) 
k=0 



@MN[i][k] = modified Nvector 
<s>MSi[k] = modified Si vector 

- Si[k] + Si[31-k] (k=2n) 
= Si[k] + Si[31-k] (k=2n+1) 



Calculate 32 saples 
forj=0to31do 
15 

Spcm[j]= 2 (MD[f(j,i)]*V[fO',i)]) 
i=0 



@MD[f(i)] = modified Dvector 
@f(i) = New address fanction 



OutPut 32 reconstructed 
PCM Samples 



